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Chitinase is a glycosidae hydrolase enzyme that catalyzes the degradation of chitin and can 
be present in various organisms. Chitinase play an essential role in plant defence against 
fungal pathogens. Since chitinase have many diverse roles, further research should be done 
to understand the variability of function of this enzyme. The aim of this study is to join two 
overlapping cDNA fragments together. In this report, 3’ plasmid and 5’ plasmid of msChi 
were verified and amplified via PCR using primers emChi and T7 for 3’ contig and chi-sp2 
and SP6 for 5’ contig. Then, the contigs were reconstructed via ligation treatment using T4 
DNA Polymerase. The products then were amplified via PCR using primer T7 and SP6. A  
product of a size between 1kb-1.5 kb of full length msChi was generated successfully. 
 





Kitinase merupakan sejenis enzim glikosida hidrolase yang berfungsi untuk menguraikan  
kitin yang terdapat di dalam pelbagai jenis organisma. Enzim ini juga berperanan dalam 
melindungi tumbuhan dari serangan kulat perosak. Memandangkan kitinase memainkan 
peranan yang besar dalam tumbuhan, kajian yang lebih mendalam haruslah dilaksanakan 
untuk memahami  kepelbagaian fungsi enzim ini. Kajian ini dijalankan adalah bertujuan 
untuk menggabungkan dua cDNA yang bertindih. Di dalam laporan ini, plasmid yang 
berisi 3’ and 5’ msChi gen telah dipastikan dan diperbanyakkan melalui teknik PCR 
dengan menggunakan primer emChi dan T7 untuk kontig 3’ dan chi-sp2 dan SP6 untuk 
contig 5’. Kemudian, kontig-kontig tersebut distrukturkan semula melalui rawatan 
penyambungan menggunakan T4 DNA Polimerase. Produk kemudiannya diperbanyakkan 
melalui PCR menggunakan primer SP6 dan T7. Hasilnya, produk bersaiz diantara 1-1.5 
kb iaitu msChi penuh telah berjaya dihasilkan 
 






In natural environment, plants have been attacked by many types of organisms such as 
bacteria, fungi, viruses and nematodes. However, plant resists these attacks through 
chemical and enzymatic defence (Bishop et al., 1999). One of the genes that are 
responsible for this mechanism is chitinase that degrade chitin, a major component cell 
wall to chito-oligomers. Many chitinase have been isolated from different plant species 
such as strawberry (Yong et al., 2009), grapes (Salami et al., 2008),and  yam (Karasuda et 
al., 2002). Chitinase are widely distributed in plant kingdom and involves in in plant 
growth and development, including micro-sporogenesis, embryogenesis, germination, 
flowering, and abscission, as well as in wounding and defence responses (Lopez & 
Gomez-Gomez, 2009).  
 
Previous study has successfully generated partial length msChs cDNA. The msChi 
cDNA fragments are located in two plasmids containing the 3’-end and 5’-end of the 
cDNA.Thus it is crucial to joint this fragments together in order to create full length msChi 
cDNA that consist of full sequences of the genes to enable detailed analysis of msChi 
cDNA . 
 
Objectives of this project are to determine the fragments in their respective 
plasmids and to join the two fragments together as to produce a full length msChi cDNA. 
Another objective is to clone the msChs cDNA generated into a vector but due to time 
constraint, this part could have not been done. Results of this project will assist in future 




2.0 LITERATURE REVIEW 
 
2.1 Chitinase 
Chitinase (EC 3.2.1.14) is a glycoside hydrolase that catalyzes the degradation of chitin, 
(Kawase et al., 2006) and present in various organisms such as bacteria, fungi, animals, 
and plants. Chitinase cleave the -1,4-glycoside bond present in biopolymers of N-
acetylglucosamine of chitin.( Santos et al., 2009). 
 
Chitinases is grouped into two families which are family 18 and family 19 of 
glycoside hydrolases by their amino acid sequences (Henrissat, cited in Lim & Choi, 2009) 
and classified into 7 classes based on their sequence similarity (Lopez & Gomez-Gomez, 
2009). According to Lopez & Gomez-Gomez (2009),  Family 18 comprises of class III, V 
and VI which are distributed in bacteria ,fungi, insects, mammals and viruses while Family 
19 consist of Class I, II, IV and VII which are from plant origin. 
 
Functions of the enzymes are different between organisms. For example, chitinase 
in bacteria is used in nutrition process where chitinase degrade chitin and thus providing 
carbon and nitrogen to the cells (Kasprezewska, 2003). Chitinase also involve in fungi 
growth phase where the enzyme is used to enlarge surface area of their cell (Lim & Choi, 
2009) and also in pathogenesis process (Kasprezewska, 2003). In plants, chitinases mainly 
involves in plant defence system against fungal pathogens. It has been demonstrated that 
chitinase is induced during fungal attack and also in vitro inhibition of fungal growth 
(Salami et al., 2008). Besides that, according to Kasprezewska, (2003) chitinases have 
proved to be induced by various of other stress factor such as drought, salinity, wounding, 
heavy metals in their environment, endogenous and exogenous elicitor treatment and plant 
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growth regulator. Chitinase as have been described by Kasprezewska, (2003) also plays 
important roles in plant frost resistant, plant growth process and during symbiosis between 
host plant and symbiotic bacteria during legume nodulation.  
 
However, there are also some chitinase that are expressed only at a certain 
developmental stages such as seed maturation or flower and fruit development (Gomez et 
al., 2002). For example, study done by Jong et al. (cited in Gomez et al., 2002) revealed 
that chitinase was able to save a carrot somatic embryo mutant. Chitinase accumulate in 
different locations in the seed including storage tissue, aleurone and husks. In mature seed, 
the genes that encode for chitinase enzymes are active during the first 2 or 3 days of the 
germination process and transcription of a new chitinase genes is also initiated during that 
time (Gomez  et al., 2002). 
 
A study done by Karasuda et al., (2002) has suggested that plant chitinase can be 
used as a possible biocontrol agent instead of using chemical fungicides. In this study, 
Chitinase E from Family 19 and Class IV that have been purified from yam is sprayed 
directly onto the part of strawberry that has been infected by powdery mildew. As a result, 
the powdery mildew was degraded and the disease does not occur again for more than two 
weeks. SEM showed that the hyphae of the powdery mildew looked unhealthy and the 
surface of hyphae was damaged with holes. 
 
Some plants have also been transformed with genes that encodes for chitinase 
enzyme. The gene is mainly isolated from various sources including rice, barley, bacterias 
such as Serratia marcescens and some fungi (Trichoderma harzianum) (Slater et al., 2003).  
The efficiency of the system has been tested in many plants and proven to be successful. 
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For example, in transgenic tobacco that contain chitinase gene extracted from Serratia 
marcescens, the tolerance to the pathogen Rhizoctonia solane have been increased (Slater 
et al., 2003). Other transgenic plants that have been demonstrated to show resistant to 
fungal attack are carrot, grapes, rice (Wally et al., 2008), potato and cotton (Hao et al., 
2005), and tomato (Lawrence & Novak, 2006). 
 
2.2 Polymerase Chain Reaction (PCR) 
The Polymerase Chain Reaction (PCR) was developed by Kary Mullis in the mid-190s and 
a powerful technique to amplify segments of DNA. PCR has many applications including 
amplifying DNA for cloning or subcloning, amplifying DNA from genomic DNA 
preparation for sequencing, mapping DNA segments, the diagnosis of disease, sex 
determination of embryos, and studies of forensic and molecular evolution (Russell, 2006). 
 
DNA polymerase I Klenow fragment was originally used for the primer extension 
step in PCR reaction. However, because Klenow fragment is unstable at high temperature, 
new enzymes had to be added in each PCR cycle. Taq DNA polymerase is an enzyme 
derived from thermophilic bacteria, Thermus aquaticus, which has an optimum 
temperature of 75ºC. It is therefore can withstand high temperatures without significant 
loss of activity and remains active throughout the PCR reaction cycles (Zyskind & 
Bernstein, 1992). 
 
PCR starts from a pair of oligonucleotide primers that are designed so that a 
forward primer can direct the synthesis of DNA towards a reverse primer and vice versa. 
During PCR, Taq DNA polymerase catalyzes the synthesis of a new DNA strand that is 
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complementary to a template DNA from the 5' -> 3' direction by primer extension reaction, 
resulting in the production of the DNA region flanked by the two primers (Wu et al., 1997). 
 
2.3 T4 DNA Polymerase 
The Taq Polymerase used in PCR however have certain limitations where it has no proof-
reading activity and lacks 3' -> 5' exonuclease activity. As an alternative, T4 DNA 
Polymerase is used since it has strong exonuclease and polymerase activity (Chen et al., 
2002).  
 
T4 DNA Polymerase is a single polypeptide of 103,572 Da which is purified from 
Bacteriophage T4, a member of the T-even bacteriophages which produce lytic infections 
in E. coli (Lesley et al., 1995).  This enzyme able to repairs the ends of the PCR products 
and removes the remaining primers in the reaction with its strong single-stranded 
exonuclease activity (Chen et al., 2002). 
 
This enzyme has a high fidelity because of the presence of 3' -> 5' exonuclease 
activity, thus it is useful to remove extended 3' ends and in the creation of 3' recessed 
termini for incorporation of radiolabeled nucleotides. T4 DNA Polymerase is used in 
cloning applications, cDNA synthesis to fill-in 3´ recessed ends, and to remove protruding 
3´ ends to produce blunt-ended DNA fragment. This enzyme can also be used to create 
strand-specific hybridization probes. Since the enzyme lacks a 5' -> 3' exonuclease, it has 
been used in site-directed mutagenesis procedures (Lesley et al., 1995). In this study, T4 
DNA Polymerase have been used to fill in the overlapping bases between 3’-end and 5’-
end of msChi cDNA 
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2.4 Competent Cells and Bacterial Transformation 
Bacterial cells can acquire new genetic information via conjugation, transduction and 
transformation method (Chen & Dubnau, 2004). Transformation is the process where 
bacterial cells acquired naked DNA from extracellular environment. However, for the cells 
to take in the foreign DNA, it needs to be competent first. According to Brown (2001), 
most of bacteria only take up a limited amount of DNA molecules under normal 
circumstances in nature. Thus, to increase the efficiency of the cells, it must be treated by 
physical and /or chemical means such as calcium chloride treatment.After the treatment, 
the cell membrane will becomes permeable and will be ready to take up foreign DNA 
through transformation process. 
 
Transformation can be done through a variety of techniques such as electroporation, 
particle gun, microinjection, lipofection and others. In this study, calcium chloride method 
is used because of it is very convenient compared to the other method such as 
electroporation. Eventhough electroporation methods results in higher transformation 
efficiencies, however it also requires the use of special equipment (Tu et al., 2005). Thus, 
calcium chloride method is the best option to be used in this study since the equipments 
and chemicals needed readily available. Besides that, the procedure is simpler and the cells 
can be stored in -80
0
C for a long period of time. The transformation of the competent cell 
will be assisted by a brief heat-shock treatment for 45 seconds for the uptake to occur. 
 
2.5 Restriction Enzyme 
The discovery of restriction enzymes in bacteria had revolutionized the development of 
genetic study by enabling the in vitro recombination of DNA molecule. Restriction enzyme 
was first discovered in the early 1950s and was produced by bacteria to degrade the foreign 
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phage DNA before the viral DNA replicate and synthesise new phage particles (Brown, 
2001). To protect the bacterium’s own DNA from degradation, the bacteria carry 
additional methyl group that can block the degradative enzyme action.  
 
There are three types of restriction enzymes and each of them has different mode of 
action. Types I and III have limited role in DNA recombination. On the other hand, Type II 
restriction enzyme has played an important role in gene cloning since it can be used to cut 
DNA molecules. Restriction enzyme used in this study is the Type II restriction enzyme. 
Some of the examples of Type II restriction enzyme are EcoRI, EcoRV, FokI, and NaeI 
(Pingoud & Jeltsch, 2001). They recognize short, usually palindrome, sequences of 4-8 bp 
and in the presence of Mg
2+
, cleave the DNA within or in the close proximity to the 
recognition sequences. Every restriction enzyme has specific recognition sequence at 
which it cuts a DNA molecule. 
 
2.6 Joining Two Overlapping cDNA fragments 
From a study done by Jayakumar et al. (1996), two DNA fragments that have overlapping 
nucleotide sequences can be extended and joined together. The procedure, which was 
called recombinant PCR was based on the assumption that when two overlapping DNA 
fragments are included in a PCR reaction, the top strand of the 5’ fragment (5’ → 3’) and 
the bottom strand of the 3’ fragment (3’ → 5’) hybridize. It will then be elongated by a 
polymerase to generate a new, longer template that contains the sequences of these two 
fragments appropriately joined.  





Figure 2.1: Schematic representation of recombinant PCR (Adapted from Jayakumar et al., 1996) 
 
As shown in Figure 1, after fragments A and B are denatured and reannealed 
together, two partially double-stranded DNA hybrids C and D are formed. Only the 
overlapping hybrid DNA of fragment C, in which the 3’ ends of the two overlapping DNA 
strands hybridize, can be elongated by Taq polymerase. This process leads to the formation 
of a new, longer fragment E. In this study, this procedure was used since the cDNA 












3.0 MATERIALS AND METHODS 
 
3.1 Flow of Works 
Before starting the work, solutions, media, competent cells and stocks plasmids were 
prepared. To increase the amount of working plasmid, the stock plasmid were transformed 
into the competent cells and subcultured in order to amplify the working plasmids. Then 
the working plasmids were isolated from the transformed bacteria culture using two 
methodologies: GF-1 Plasmid DNA Extraction kit (Vivantis) and Real Fast Mini Preps 
Method. The isolated working plasmids were checked by performing PCR analysis and 
also restriction analysis. 
 
Once the working plasmid were amplified and verified, they were used to generate 
a full length msChi cDNA. This was done by using ligation treatment with T4 DNA P 
olymerase. The full length msChi cDNA generated was supposed to be cloned into pET 
vector, but this step is not carried out due to time constraint. 
 
3.2 Media and Reagent Preparation 
Luria Broth (LB) was prepared by mixing 10g of Tryptone, 5g of yeast extract, 5 g of NaCl 
and made up to 1L of water. Then, they were autoclaved and allowed to cool to room 
temperature after which they were then fridge at 4ºC.  
 
Luria Agar (LA) with ampicillin plate was prepared using 200 ml of LA which was 
first melted in an oven. Then, 200μl of thawed ampicillin (50ng/ml) was added into the 
already cool bottle containing the LA. The bottle was swirled to let LA and ampicillin 
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mixed. Then, the mixture was poured into 10 petri dish plates. The plates were sealed with 




3.3 Preparation of Competent Cell 
Preparation of overnight bacterial culture was done by inoculating100 μl of stock Escheria 
coli (E.coli) XL1 Blue into 10ml LB broth and the culture was incubated overnight with 
shaking at 37
0
C and 250 rpm. After that, 5 ml of the overnight culture was inoculated in 45 
ml LB broth and incubated at 37
0
C with shaking 250 rpm for three hours. The bacterial cell 
concentration was verified every 30 minutes by using spectrophotometer at OD600. 
Reading 0.69 was obtained. 
  Next, the culture was cooled on ice for 10 – 20 minutes. After that, the cells were 
centrifuged at 3500 rpm, 4
0
C for 5 minutes. The resulting supernatant was then discarded. 
Cell pellet was then gently resuspended in ice-cooled 100mM CaCl2 solution. The cells 
incubated on ice for 10 minutes and re-centrifuged at 3500 rpm, 4
0
C for 5 minutes. The 
resulting supernatant was then discarded and the pellet was resuspended in 2.5 ml 100mM 
CaCl2 solution. 20 % (v/v) glycerol added to the cell suspension and mixed. Lastly, 50 μl 
of the suspension was aliquot in separate 0.5 ml microcentrifuge tubes before snap-frozen. 
The competent cells were then stored at -80
0
C for future use. 
 
3.4 Plasmid DNA Amplification 
The cells were transformed by heat-shock treatment using pGEM-T plasmids carrying the 
3’ and 5’ msChi insert. Approximately 1 μl of each plasmid of interest was aliquot into pre-
chilled microcentrifuge tube. A 50 μl of thawed competent cells was then added to the 
plasmid contained microcentrifuge tube.  
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 The tube was flicked to mix and then cooled on ice for 20 minutes. Heat shocked 
was achieved by placing it in 42
0
C thermoblock for 45 seconds. The tube then returned on 
ice for 2 minutes. Next, 950 μl of LB broth was added to the transformants flicked to mix. 
The cells were incubated at 37ºC for 90 minutes at 150 rpm. 
 After transformation, the bacterial cells were plated on agar plate containing 
ampicillin and incubated for 16 hours at 37
0
C. Then, single colony on the agar plate was 




3.5 Isolation of Plasmid 
In this study, 2 methods were carried out to isolate the plasmid carrying the msChi cDNA 
gene.   
 
3.5.1 Real Fast Mini Prep 
Plasmid DNA was isolated using Real Fast Mini Preps Method. Firstly, an overnight 
culture was centrifuged for one minute. The supernatant were discarded and about 50 to 
100 μl weas left in the tube. Then, 300 μl of TENS (Figure 2) was added and the mixture 
was vortexes. Then, the mixture was set on ice for 10 minutes. About 150 μl of 3.0 M 
Sodium Acetate, pH 5.2 was added and the mixture was vortexed. Then, the mixture was 
centrifuged for 6 min. The supernatant was transferred to fresh tube containing 0.9 ml of 
100% EtOH, precooled to -20
0
C. Then, the tube was centrifuged again for two minutes. 
The supernatant was discarded and the pellet was rinsed with 1ml of 70 % EtOH followed 







1 ml of 1 M Tris-HCL, pH 8.0 
200 μl of 0.5 M EDTA, pH 8.0 
1 ML OF 10 N NaOH 
5 ml of 10 % SDS 
H2O to 100 ml 
Figure 3.1: Ingredients for preparing TENS solution 
 
3.5.2 GF-1 Plasmid DNA Extraction Kit 
pGEM-T plasmids carrying msChi inserts were isolated using GF-1 Plasmid DNA 
Extraction Kit from Vivantis. Ten ml bacterial culture was used for isolation of pGEM-T 
plasmids carrying msChs inserts. Plasmid DNA was isolated according to the procedures 
provided in manufacturer’s manual and the plasmid DNA isolated was stored at -20ºC. 
 
3.6 Assessing plasmid DNA Quality and Quantity 
The estimated quality and quantity of DNA extracted was checked by running 1% agarose 
gel electrophoresis. GeneRuler
TM
 1kb ladder were used to estimate the fragment size. 
 
3.7 Verification of Plasmid Construct   







3.7.1 Restriction Analysis 
Restriction analysis was conducted by subjecting the plasmids to restriction enzyme(s) 
digestion and visualized by running a 1% agarose gel electrophoresis. The fragment sizes 
of cleaved plasmids were compared to the expected fragment size by referring to the 
plasmid map. 
 
a.  Single Digestion Restriction Analysis 
pGEM-T vector containing msChs cDNA insert of 3’ contig and 5’ contig was verified 
through restriction digestion method to check whether the gene is cloned at the right site in 
the vector. They are restricted with restriction enzyme using composition as shown in 
Table 3.1 for overnight at 37ºC. Thermal inactivation was done at 65 ºC for 15 minutes. 
 
Table 3.1: Ingredients for single restriction digestion analysis. 3’ plasmid were verified using EcoRV in 








b.  Double Digestion Restriction Analysis 
Double digestion restriction analysis was carried out using composition as shown in Table 











Materials Volume (µL) 
Plasmid (3’ contigs/ 5’ contigs) 1 
EcoRV / Sac II   1 
              Buffer R /  Buffer B 1 
Distilled Water 7 
